Vagal activation can reduce inflammation and disease activity in various animal models of intestinal inflammation via the cholinergic anti-inflammatory pathway. In the current model of this pathway, activation of descending vagal efferents is dependent on a signal initiated by stimulation of vagal afferents. However, little is known about how vagal afferents are activated, especially in the context of subclinical or clinical pathogenic bacterial infection. To address this question, we first determined if selective lesions of capsaicin-sensitive vagal afferents altered c-Fos expression in the nucleus of the solitary tract (nTS) after mice were inoculated with either Campylobacter jejuni or Salmonella typhimurium. Our results demonstrate that the activation of nTS neurons by intraluminal pathogenic bacteria is dependent on intact, capsaicin sensitive vagal afferents. We next determined if inflammatory mediators could cause the observed increase in c-Fos expression in the nTS by a direct action on vagal afferents. This was tested by the use of single-cell calcium measurements in cultured vagal afferent neurons. We found that tumor necrosis factor alpha (TNFα) and lipopolysaccharide (LPS) directly activate cultured vagal afferent neurons and that almost all TNFα and LPS responsive neurons were sensitive to capsaicin. We conclude that activation of the afferent arm of the parasympathetic neuroimmune reflex by pathogenic bacteria in the gut is dependent on capsaicin sensitive vagal afferent neurons and that the release of inflammatory mediators into intestinal tissue can be directly sensed by these neurons.
Introduction
Gastrointestinal inflammation can arise from different factors including genetics, diet, and gastrointestinal infection, and is a major financial burden in industrialized countries (Danese et al., 2004; Hulisz, 2004) . While the initiating causes may be diverse, they all eventually involve a dysregulation of the balance between pro-and anti-inflammatory cytokines that are essential for maintaining the immunological function of the gut (Maloy and Powrie, 2011) . This dysregulation facilitates the initiation and propagation of pro-inflammatory pathophysiology that ultimately results in disease symptoms (Artis, 2008; Hooper and Macpherson, 2010) .
The gastrointestinal tract and its mucosal lining provide an essential barrier from nearly continuous exposure to foreign pathogens. To maintain this protection, multiple systems have evolved to coordinate the release of pro-and anti-inflammatory cytokines which mediate the initiation and control of immune responses. Recently the significance of the parasympathetic nervous system, and specifically the vagus nerve, in regulating inflammatory responses in the intestinal tract has been demonstrated (Borovikova et al., 2000; Tracey, 2007; van der Zanden et al., 2009 ); leading to the concept of a vagally dependent cholinergic anti-inflammatory pathway (Tracey, 2002) . This cholinergic anti-inflammatory pathway has been proposed to be part of a vago-vagal immune reflex in which signals arising from the gut activate vagal afferents, which in turn activate the descending cholinergic anti-inflammatory pathway (Tracey, 2009). The majority of work studying this reflex has concentrated on the cholinergic efferent branch. Much less is known regarding the afferent branch, and more specifically the mechanisms through which vagal afferents are activated in response to a localized immune challenge. The primary goal of the experiments presented in this communication is to delineate the role(s) of vagal afferent neurons in detecting gastrointestinal infection.
Numerous studies have used direct recordings from vagal afferent neurons or hindbrain c-Fos expression to demonstrate that vagal afferent neurons can be activated by direct peripheral injections of lipopolysaccharides (LPS) (Liu et al., 2007) , the pro-inflammatory cytokines interleukin-1β (IL-1β) (Niijima, 1996; Ek et al., 1998) or tumor necrosis factor-α (TNFα) (Rogers et al., 2006) . While the use of injections of purified pro-inflammatory agents may produce a reliable response, there are limits to this approach that may lead to effects not observed in the normal sequela of events that follow E-mail address: triley@vetmed.wsu.edu (T.P. Riley).
